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FOREWORD

e is intended for tests of all types of reciprocating internal-combustion engines for determin-
r output and fuel consumption. It is not intended for general or specialized research or for
ent of equipment or processes. _
Code purposely excludes any rating standards, as being neithet/pertinent to a Performance
e nor essential to test procedures.

Code follows the format specified by PTC 1: Object and Scope, Definitions and Descriptions
, Guiding Principles, Instruments and Methods of Measurement, Computation of Results. In
supplementary information is included as an Appendix, (Section 7). To make this Code com-
e yet brief, pertinent portions of other codes and{standards are appropriately referenced,
an duplicate such standards herein.

riginal Test Code for Internal-Combustion Engines was published in 1901.Subsequent revisions
pted in 1915, 1924, and 1929. Extensive revisions were begun in 1939, culminating in an
of 1949. This was reaffirmed in 1952, then modified slightly in 1957 and again reaffirmed.
of developments in the industry and in'pertinent measurement techniques, and because other
codes had been developed in the~interim, need was seen for total review and revision of

Work was begun in 1966 resultingin this entirely new Code.

Code was approved by the Performance Test Codes Committee on January 15, 1973 and ap-
nd adopted by the Council of the Society by action of the Policy Board on Codes and Standards

on Februpry 28, 1973.

1ii
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ASME PERFORMANCE TEST CODES

RECIPROCATING
INTERNAL-COMBUSTION ENGINES

1.1 PFurpose

1.1.1 This Code provides rules fof testing, and
for the cpmputation and tabulation, of the results of
tests, fof all types of reciprocating internal-com-
bustion ¢ngines, in order to.determine power and
fuel congumption. (See Bar: 7.1.1)

1.2 Qbject
1.2.1 TT: objects”of testing under this Code are

the detegmination of:
(a) | Net power output; and

CONTENTS
Section Pars
1 OBJECT AND SCOPE ..o 1.1 145
2 DESCRIPTION AND DEFINITION OF TERMS ............. 2.1 «.248
3 GUIDING PRINCIPLES .ot cere et 370 - 3.6

4 INSTRUMENTS AND METHODS OF MEASUREMENT,.., 4.1 _ 4.13
5 COMPUTATION OF RESULTS
6 REPORT OF TEST...............

.......................................... 5.1 -5.6
............................................... 6.1 -~ 6.10
............................................... 7.0 -7.5

7 APPENDIX. ..o,

SECTION.1; OBJECT AND SCOPE

1.2.3 For procedures to attain optional test objed
tives, related codes or standards must be consulted.

(See Par. 7.1.2.3)

1.2.4 With respect to any tests to verify perform-
ance, the objects and procedures of the tests sha
be agreed upon and shall be defined clearly and
exactly, in writing, before tests are started.

oy

1.3 Scope

1.3.1 Application of this Code is limited to engine
assemblies as defined in Pars. 1.3.2 and 1.3.3.

(b) Rate of fuel consumption and/or energy
input, as defined in Section 2. (Atten-
tion is directed to the fact that energy
input is based on the low heat value of

the fuel.)

1.2.2 Only tests made in accordance with the provi-
sions of this Code may be designated as complying
therewith.

1.3.2 Code Engine Assembly. Inthe absence of
specified stipulations the engine assembly to be
tested shall consist of the engine complete with
essential apparatus for self-sustained continuous
operation. Generally these consist of the equip-
ment required for: fuel introduction; air induction
(i.e., scavenging or supercharging); ignition;
lubrication; and primary engine and charge-air
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cooling. This is termed the ‘‘Code Engine
‘Assembly.”’

1.3.2.1 Specifically, a ‘“Code Engine
Assembly’’ includes apparatus: a) to control, car-
buret or inject fuel delivered to it at required
operating supply pressure, including booster fuel
supply pump or compressor when attached to

credited to the “Code Engine Assembly”
power output.

1.3.2.2 The “Code Engine Assembly’’ does not
include any apparatus for starting, battery charg-
ing, or other purpose which does not function
continuously, nor any apparatus for other purposes
not mentioned here.

ngine; b) to provide injection air or gas (if engine
is of the air- or gas-injection type); c) to compress
iptake air; d) to provide ignition; €) to circulate
Hibricating oil throughout the engine lubricating
gystem, including oil cooler, strainers, filters and
mechanical force feed supply; and f) to circulate
the primary coolants through the engine jackets,
libricating oil coolers, and intake air coolers -
dll as involved in the engine assembly being
tested.

1.3.2.1.1 1f any apparatus required for the
above functions is driven by a separate
source of power, the power input to, or the
fuel consumed by, the driving unit shall be

If any apparatus, systems or parasitic load
not included in the ‘“Code Fingine Assembly?’
(such as an intake filter, exhaust silencer{’or
radiator system) is attached to or driven-by
the engine, it should be detached during
engine tests, or, if detachment ismpot prac-
ticable, the power consumed thereby shall be
separately determined or agreed upon and

charged against the ‘“‘Code Engine Assembly.”

1.3.3 Specified Engine Assembly (See\Par.7.1.3.3)

1.4 Performance Conditions

1.4.1 Every effort shall be made to condpct each

test run on the basis of'\specified operatipg condi-
tions. The maximum.pefmissible deviatiopis there-
from shall not exceed the limits prescribgd in Par.
3.4.4 and in Table 1 except by special agreement.

1.5 Tolerances

1.5.1¢Tolerances or margins to allow for|inac-
curacies in tests, which may be directly gpplied to
the final result, are outside the scope of the ASME
Performance Test Codes. Such tolerance$ or mar-
gins are chiefly of commercial significan¢e and
are to be settled by agreement between the parties
to a contract. Limits of error in instruments or
methods of measurement may be stated in|the
codes, but exact limits should be stipulajed pref-
erably in a contract or agreed upon prior o the
acceptance test.



https://asmenormdoc.com/api2/?name=ASME PTC 17 1973.pdf
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SECTION 2, DESCRIPTION AND DEFINITION OF TERMS

Par. Unit
No. Term bymbol Description FPS Sl
2.1 Power
2.1.1 Measured power | Pp, Power delivered at the coupling power hp* kW*
output;-mechamtesd take-off-conmmeetion—of-any—of-the—engine
assemblies defined in this Code, as
determined by a ‘‘dynamometer’” or other
approved measuring device, expressed
as ‘‘brake power” (Ref. PTC-19.7)
21.2 Correction for Y, Net brake power quantity subtracted hp kW
auxiliaries and from (or added to) measured power output,
accessories, mechanical, when correcting for power
charges and incidental to separately driven auxiliaries
credits, or abnormal accessories as prescribed-in
mechanical Par. 5.2.2.
2.3 Net power Pnn Power determined from the measured power | hp kW
output output, mechanical, by appheation of
charges and credits.
204 Indicated P Power exerted by the working medium in | hp kW
power the cylinders or.an‘engine assembly, as
obtained by calculation based on the
indicated méén effective pressure, or by
summation-of the net power output,
mechahieal and the total power losses
including friction power (Ref. PTC-19.8).
2.5 Measured power | P, Power delivered at the generator kW kW
output, electrical terminals of any of the engine driven
generator units defined in this Code,
as determined by electrical measure-
ments.(Ref. PTC-19.6).
2{1.6 Correction for Y, Net kilowatt quantity subtracted from kW kW
auxiliaries and (or added to) to measured power output,
accesSories, electrical, when correcting for power
charge’s and incidental to separately driven
credits, auxiliaries or abnormal accessories as
electrical prescribed in Par. 5.3.2.
*Under the ‘‘FPS’’ system ‘‘horsepower’’ is the recognized term for power and one ‘‘hp’’ equals

550 ft-lb/sec or 746 newton — metre/sec.

**Under the “‘SI’’ system ‘‘watts’’ or ‘‘kilowatts’’ are the recognized terms for power and one
*“ kW»* equals 1000 newton — metre/sec.
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DESCRIPTION AND DEFINITION OF TERMS (CONT'D)

Par. Description Unit
No. Term Symbol FPS Sl
Power (Cont'd).
2.1.7 Corrections for Y, Net kilowatt quantity subtracted from kW kW
cable losses, (or added to) to measured power output,
separately sup- electrical, at the generator terminals
plied generator for cable losses and conditions of
excitation and separately supplied generator excitation
ventilation and ventilation as involved for specific
test as prescribed in Par. 5.3.1.
2.1.8 Net power out- P., Power determined from the measured kW kW
put, electrical power output, electrical, by application
of charges and credits as prescribed jin
this Code.
2.1.9 Watthour meter PK}, Watthour per disc revolution of.watt- Wh/rev  Wh)/rev
constant, hour meter.
primary
2.2 Pressures
2.2.1 Specified pres- P Specified absolute’ pressure of gas psia Pg*
sure when reporting’heating values.
2.2.2 Gas pressure Pm Absolutespressure of gaseous fuel psia P4
@ meter measuréd at intake of the metering
(gaseous fuel) device used for measuring the fuel
quantity.
2.2.3 Indicated mean P; The indicated mean effective pres- psi P4
effective sure (IMEP) is that pressure which,
pressure assumed as acting at constant
magnitude on the piston, would pro-
duce or absorb during one piston
stroke an amount of work equal to
that produced or absorbed during
one complete working cycle by the
actually-occurring variable pressure.
The indicated mean effective pressure
may also be defined as the indicated
work of one complete cycle, divided by
the piston displacement in which this
work was done.
2.2.4 Water vapor Puw The partial pressure of the water psi Pa

pressure

vapor in the gas at the point when the
pressure p was measured. This
value wiil vary with the temperature
and percentage of saturation.

*One Pa (*‘pascal’’) equals one ‘‘newton/m2’’.
One psi equals 6894.757 pascals (see ASTM E—-380).
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Par. Unit
No. Term Symbol Description FPS Si
2.3 Temperatures
2.3.1 Fuel tempera- Tn Absolute temperature of gaseous °R °K
tures \gaseous_ Tuel measured at intake ot the \°F+4b9.1) (°C+
fuels) metering device used for measuring 273.2)
fuel quantity.
2.3.2 Specified T Specified absolute temperature of gas °R °K
temperature when reporting heating values. (°F+459:7) (°C+
273.2)
2.4 Time
2.4.1 Rotation watt- Tw Time for ry watthour-meter disc sec s
hour meter turns.
2.4.2 Rotation, watt- 4 Arbitrarily chosen number of watt< rev rev
hour meter hour-meter disc turns.
2.4.3 Minute min Used in some equations in\Déction 5. min min
2.4.4 Hour k Used in some equatiods’in Section 5. h h
2.4.5 Test run period T Duration of individual test time: sec s
! 1) Power measurement ‘
roz 2) Liquid fuel\measurement
r 3) Gaseous fuel measurement
V]
3
2.5 Speed
2.5.1 Observed speed |n Sustained governed speeds under rpm rpm
steady-state operating conditions as
observed during test periods
Toy,>To0p 5 Tog
2.6 Volume and Weight
2.6.1 Total gas quan- | Vp Volume of gaseous fuel supplied cu ft m3
tity measured at to the engine during test period r
meter as measured at meter. 3
2.6.2 Total liquid ¥, Weight of liquid fuel supplied to 1b kg
Tuel consumption, the engine during test period rg, .
as measured
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accounting for
losses in the
generator unit!

are expressed in similar terms.

Par. Unit
No. Term Symbol Description FPS M|
2.7 Heat Quantities
2.7.1 Heat value, Q. Low unsaturated heat value of Btu/cu ft J/p3
gaseous fuel gaseous fuel used for the test, at @ &T, ©j &
specified conditions. 7
2.7.2 Heat value, Ok Low-heat value of liquid fuel used Btu/lb.~ Jfkg
liquid fuel for the test.
2.7.3 Net specific Ga Energy consumption of an internal Btu/hph  JfkWh
' energy combustion engine referred to net
consumption power output, mechanical, and based
on low unsaturated heat value of<the
fuel used for the test.
2.7.4 (Same) qs Same as ¢, but based on net \power Btu/kWh J[{kWh
output, electrical.
2.8 Gereral
2.8.1 Torque, gross Fg Turning moment-measured or computed b ft N.m
at the engifiecoupling or power take-
off connéction.
2.8.2 Compressibility] Z Factorfrom equation PV=ZRT to non-dimensipnal
factor correct for non-ideal gas behavior.
2.8.3 Generator n A value representing the ratio of non-dimensional
: efficiency, generator output divided by the
conversely generator input when both these values
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SECTION 3, GUIDING PRINCIPLES

3.1 Limits of Code

3.1.1 Procedures established in Section 3 and 4
of this Code are limited to tests establishing net
power output and energy consumption (as defined
in Sectio i ing i 1- i
engines. [['est procedures for all other objectives
must be By special agreement.

3.2 Agreements

3.2.1 Agdreements Before Tests. Prior to testing,
the partigs to the tests shall reach definite agree-
ment on jtems such as the following (see pertinent
paragraphs as noted):

(a) Specific objects of the tests. (Par. 1.2)

(b} (larification of any ambiguities or conflicts
wlithin specifications and their intent, or
between specification and Code procedures.
{c) Tesignation of arbiter on necessary
decisions during test. (Par. 3.3.4.1).

(d) Hlace where tests are to be conducted.
(Par. 7.3.2.1 d)
(e) When tests are to be run.
() Hreliminary tests to verify readiness for
final tests. (Pars. 3.3.1 and 3.3.2)
(g) Designation of official test witnesses and
their responsibility and authority.

(

S

Par. 3.3.4)

{h) Selection and organization of other test
party personnel, including desigfiation of
the test director. (Pars. 3.3.41yand 3.3.4.2)

(i) Hecords to be maintained dnd responsibil-
ity therefor. (Par. 3.5)

(j) Number of copies of original data required

nd to whom to befurnished. (Par.3.5.2.1)
(k) Source of load for engine test and re-
ponsibility_for)providing it. (Par. 3.3.5)
(1) Means of adjusting for auxiliary loads to be
ipcludedin”or excluded from engine assem-
ly. (Pars. 1.3.2., 1.3.3, and Section 5)

(m) Hueland other operating supplies to be

conditioning and calibrating instruments;
special calibration agreements; limits of
possible measurement error. (Par. 3.3.5 and
Section 4)

(p) Maximum permissible variations in operat-

stated in Table 1. (Par. 3.4.2 and 3.4.4)

{q) Numerical values (if needed) for test cors
rections or adjustments not elsewhere
covered in the Code.

(r) Dura‘ion of tests and general provisions
for operating engine throughott the testing
period. (Pars. 3.4.1, 3.4.5 and 3.4.6)

(s) Methods of maintaining cénstant operating
conditions within dewviations allowed in
Table 1 and agreeditc"under (p) above.

(t) Engine control and permissible adjustments
to controls ddring tests. (Par. 3.4.1)

{(u) Method of determining stable operation be-
fore test feadings are started. (Par.3.4.1.2)

(v) Provisions for starting and stopping each
test run. (Par. 3.4.5)

(w)uNumber of observations. (Par. 3.4.6.1)

(x)\ Methods of computing results. (Section 5)

3.2.2 Other Agreements. This Code and the agreef ‘
ments called for above specify the procedures and
calculations necessary to test for the primary objelcts
hereof (net power output and rate of fuel consump-
tion and/or energy input) within limitations estab-
lished in this Code. In addition, agreements should
specify loads and speeds at which tests are to be
run and means of fuel measurement. In the absence
of written agreement, Code procedures shall be
mandatory.

3.3 Preparation for Tests

3.3.1 Preliminary Operation and Adjustment.
Before the tests, the engine assembly first shall
be put in adjustment and be operated for suffi-
cient time to condition it to perform in a normal

manner, so that test results will be a measure of

used for test, including source, characteris-
tics, and the party responsible for
providing. (Par. 3.4.1)

(n) Designation of laboratory qualified for -
determining pertinent fuel characteristics
and choice of Code method for such deter-
minations. (Section 4)

(o) Provisions for and designation of all in-
struments to be employed; arrangements for

actual performance under stipulated or agreed
conditions of the tests.

3.3.1.1 The nature and extent of running-in
prior to formal test shall be determined from pre-
liminary observations and all parties to the test
shall be given an opportunity to make an exam-
ination to determine that the engine is in con-
dition for testing. Following this, agreement for
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proceeding with the formal test is necessary; the
test director shall decide any disagreement on
this point.

3.3.2 Preliminary Tests. It is recommended that

preliminary tests be run for the purposes of check-
ing instruments and for determining that the engine

is ready for final tests. If mutually agreed upon,
Test may be considered as an ode

C

t
mgnts for such a test.

o

3.3.3 Equipment Inspection. Prior to conducting

the tests, all facilities and instruments related to
(of to be excluded from) the engine assembly shall

be| inspected by the test director to assure com-
pliance with this Code and with any preliminary

agreements. All parties to the test may participate

in[this inspection. All conditions noted shall be-
come part of the permanent test record. (See

Par. 3.5.1)

3.3.4 Selection of Test Personnel. The com-
position of the test operating personnel shall be
the responsibility of the party at whose facilities
the engine assembly is to be tested. Designated

witnesses of parties to the test may be present at

all times during the tests to verify that they are
conducted in accordance with this Code and any
other agreements.

’

“‘gest director,”” with authority and reSpensibility
to|determine readiness for testing, to initiate and
hallt test runs, to certify compliance with proper

test procedures, and to arbitrdte)necessary deci-

sipns during the test. He also/shall be responsible

fof calculation of and reperting on test results.

3.3.4.2 Prior to esting, parties to the test

sh|

Il have defimitive authority in reaching agree-

ment, beforeand during tests, on test procedures.

3.3.5 TestApparatus. If no agreement has been
reached)on responsibility for providing and cali-
bratiig necessary test load and apparatus, this

shall be the responsibility of the party at whose

facilities the engine assembly is to be tested. Ap-

paratus shall comply with this Code or as other-
wise agreed to by the parties to the test.

3.4 Operating Conditions

- 3.4.1 General. Fuel and supplies and all operat-
ing conditions shall be as nearly as possible in

st, provided it has complied with all the require-

3.3.4.1 A single individual shall be designated

shEll desigr-{ate official witnesses to the tests who

accordance with the manufacturer’s recommendations
and applicable specifications. The engine shall be
controlled by its normal operating devices in simu-
lation of normal operation. It shall be operated
during all test runs at each test point without manual
adjustments to controls, but controls may be ad-

may be made to the engine assembly for pu
of the tests that could prevent orAimit immediate,
continuous and reliable operation.at all capacities
or outputs under specified normal operating|con-

ditions.

3.4.1.2 Preparatorydo any test, the engjine as-
sembly shall be run for a time sufficiently long to
establish a steady-State or operating condifion
where power output, speed, jacket and lubricating-
oil temperatures, and fuel- or heat-consumpfion
rates remajn essentially constant. The test| can-
not bestarted until a steady state has been at-
tained for the conditions under which the tdst is to
be run, and until preliminary observations grove
that such steady state has been reached. Lgngth
of time necessary to establish the steady sfate
will vary for engines of different classes, dnd
vary in any one class for different sizes.

3.4.1.2.1 U successive runs are to be njade,
each under different conditions, the con-
ditions of steady state shall be established
for each test run and proved by suitable prglim-
inary observations for each run.

3.4.2 Atmospheric Conditions. The engine |as-
sembly shall be tested at the specified atmps-
pheric conditions, within deviation limits in Table
1 (as may be modified by preliminary agreements
in cognizance of the impracticability of simulating
atmospheric conditions.)

3.4.3 Fuel Conditions and Energy Consumption
Rates. All energy consumption rates shall he
based upon the net (low heat) value of the fuel

184 ived: ndi-
tions for testing shall conform to specifications
within limits of deviation in Table 1. (See Par.
7.3.4.3)

3.4.4 Permissible Deviations in Operating
Conditions. Each observation of an operating
condition during a test run shall not deviate from
the reported average for that operating condition
during the complete run by an amount more than
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that shown in the second column of Table 1. Each
reported average operating condition during a test
run shall not deviate from the specified operating
condition by an amount more than that shown in
the third column of Table 1. If any test run, or the
average operating condition, deviates beyond the
limits prescribed in Table 1, the test run or entire
test conditions shall be discarded.

3.4.5 JPrarting and Stopping of Tests. Measure-
ments for power output and related fuel consump-
tion on|individual test runs should be started and
stopped virtually simultaneously. However, as
long ag loads are stable and instrument readings
are recprded frequently during a test, it is not es-
sential|to observe simultaneously those readings
which gre made at the same intervals. Where the
weight¢d average of a series of readings is used
in calcplating results, uniform time periods,
adapted to conditions of the test and nature of
data refjuired, may be employed rather than attempt-
ing simultaneous readings of all items.

3.4.5.1 Such procedures should be part of the
prelimihary agreements. Care should be exercised
that sufh procedures could not conceivably affect
the respltant calculated fuel consumption rates per
unit of |power output by over + 1.0 percent.

3.4.6 Buration of Tests. Unless specified other-
wise, nfo series of runs on fuel consumption tests
at a logd point shall exceed a period of three
hours dor be less than one hour. (If longer(periods
are agrged to, special agreements must be reached
on permissible deviations in conditions\under
Table ] and/or on corrections therefor.)

3.4.¢.1 There shall be a minimum of three test
runs at|each test point (for_power output and/or
fuel copsumption). The computed result shall be
the timg-weighted average of related readings.

3.5 |Records

3.5.1 Priorto\lest. Prior to the tests, a record
should |be imade of at least the following items:
(a) [Alpreliminary agreements.

scription with accuracies, repeatabilities,
orifice sizes, deadweight corrections, etc.)
(f) Engine assembly operating hours at start of
tests.
(g) Observation of physical conditions of equip-
ment and site.

3.5.2 During Test. A log of all observations made

cords. The records shall show that stability had
been achieved at the start of each series ¢fitest
runs at new load or speed points.

3.5.2.1 All observations and notations shall
be carefully recorded in legible form and suffici¢nt
authenticated copies made sodhat a copy may b
given to each interested patly, to the test. All offi-
cial copies of the records-shall be signed by the
respective witnessesand countersigned by the
person in charge of‘each shift or test.

"3.5.2.2 Records made before, during and afte
each test run'shall show the extent of fluctuatiohs
of conditions and observations in order that data
may be.available for determining compliance with
the limits of deviations.

-

3.5.2.3 Observations critical to the test shall
be noted and recorded in duplicate by two wit-
nesses and readings should be compared and an
agreement reached soon after the observations afe
made. Alternatively, readings should be made by
two observers, recorded on a single log, and

initialed by both.

3.5.2.4 Every event connected with the pro-
gress of a test shall be recorded on the test log
sheets together with the time of occurrence and
name of the observer. Particular care shall be
taken to record any adjustments made to any eqyip-

ment under test, whether made during a run or b¢
tween runs. The reason for each adjustment sha
also be stated in the test log. Likewise, all

indications of distress or instability in the engige
assembly shall be noted.

—

3.5.3 After Test. Upon completion of the test

{b) All items included and excluded from the
‘‘engine assembly’’ and the agreed correc-
tion values therefor, if any. {See Pars. 1.3.
2 and 1.3.3) '

(c) Serial numbers and nameplate data of
facilities and auxiliaries under test.

(d) Layout of equipment under test or related
thereto, with pertinent dimensions.

(e) All test instruments. (A full nameplate de-

series, arecord shall be made of observed per-
formance and site conditions, or changes from
initial conditions, such as might affect the evalu-
ation of engine performance. -

3.6 Rejection of Tests

3.6.1 Should serious inconsistencies arise, either
during a test or during the computation of results
from a series of tests, the test or tests shall be re-
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jected, in whole or in part, and the test or test runs
repeated as required to comply with the objects of
the tests. Whenever the results show insufficient
power or other malfunctioning of the engine, the

ASME PERFORMANCE TEST CODES

repeated.

difficulty shall be investigated and its cause cor-
rected, after which the whole test series (such as
might be affected by the adjustments) shall be

Table 1 — Maximum Permissible Deviations in Test Conditions®

Variable Operating Condition

Deviation of Any Individual
Observation From Reported
Average Operating Condition
or Value During a Test Run

Deviation of Reported Averag
Operating Condition During a
Test Run From Specified Teg
Condition or Value

(a)

(b)
tC)
(d)
(e)

(H
(g)
D)
(1)

)

(k)

Power output — mean (for
rated output or fractional

loads)

Torque

Rotative speed

Barometric pressure at site

Ambient air intake tempera-
ture

Relative humidity of air at
ambient air intake

Water vapor pressure in
gaseous fuel P

Heat value — liquid fuel,

per pound (or per kg)

Heat value — gaseousfuel,
per cubic foot © (or per
cubic meter)

Gaseous fuel constituents®

Gas_pressure (absolute), as
supplied to meter

Gas temperature, as

+ 3 percent

I+

2 percent

4+

1 percent

I+

1 percent

I+

5 degrees‘F
(2.8°C)

No limit
No limit
+ 0.5 percent

+ 2 percent

+ 5 percent of each
individual
constituent

+ 2 percent

+ 5 degrees I

(o]

4,5 ‘percent

+3 percént

+ 2 percent

No limit

+ 5 degrees F
(2.8°C)

No limit

No limit

+ 3 percent

+ 6 percent

+ 5 percent of each
individual
constituent

+ 10 percent,
— 0 percent

No limit

(m)

{n)

sUpplied to meter

Exhaust back pressure, at
engine (turbocharger
outlet, if so equipped)

Intake air pressure drop,
from ambient to engine (to
blower or supercharger
inlet, if so equipped)

PRSP Y aky
(2.6 U7

Not applicable

Not applicable

10

+ 0 percent, — not
below ambient

+ 0 percent, — no
limit
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The limits shown in Table 1 specify maximum permissible variations without invalidating a test run or
series of runs. If because of valid circumstances the actual test conditions differ-from the specified
test conditions (or average conditions of a series of runs) by an amount larger than that shown in Table
1, the parties may agree to a method of correcting the results therefor, which should become a part of
the test agreements. If such a condition is anticipated for engines for which correction factors are not
well established (such as turbocharging), it is suggested that correction for the engine being tested be

established on the test floor, where possible.

While correction is appropriate if moisture exists, ‘‘pipeline’’ gas usually contains minor amount of
i i i t cases, (See Par, 4.11.5.3)

Varying constituents (especially ‘‘heavy ends’*) can present problems in maintaining proper combustion.

11
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SECTION 4, INSTRUMENTS AND METHODS OF MEASUREMENT

4.1 General

4.1.1 This section describes the instruments,
methods, and precautions that shall be employed
in testing reciprocating internal-combustion en-
gines under this Code. Alternative test methods

4.4.1.1 Engine Mechanical Power Output
Measurement

4.4.1.1.1 For direct determination of mechan-
ical power output of an engine, a calibrated
dynamometer of a type suitable for the engine

arp included in some cases. For procedure to ob-
tain some of the supplementary information, other
aythoritative codes and standards are cited and
shall be considered as part of this Code. (See

C 19 series on Instruments and Apparatus.)

4.2 Classification of Measurements

4.2.1 In preparing a list of measurements to be
mpde preparatory to selection of instruments it
should be noted that the measurements required
falll into these groups:

4.2.1.1 Measurements required for determina-
tipn of the primary objects under this Code; i.e.,
nqt power output, and rate of fuel consumption
and/or energy input.

4.2.1.2 Measurements to indicate maintenance
or variation of important operating conditions de-
fined as the steady state required for the test pre:
sdribed, but which measurements do not theni-
sqlves enter into the test results except as-show-
i:f conditions under which such results\were ob-
talined.

4.2.1.3 Measurements for one-or more deter-
minations required for such optional tests as may
be the subject of agreement by parties to the tests.

4.3 Calibration of lnstruments and Apparatus

4.3.1 lnstruments-and apparatus used for primary
ject or optional determinations under this Code
1l be s¢ calibrated that parties to the test are
eed that'all instruments and apparatus are ac-
até-within the stipulated limits of possible er-
specified in the PTC 19 series shall
govern as to methods of calibration.

4.4 Check List of Instruments and Apparatus
Required for Primary-Object
Determinations

4.4.1 Tests for the primary objects under this Code
require the appropriate use of the following instru-
ments and apparatus: .

12

and-the—circumstances—efthetestsPTG 19.7),
having a maximum inaccuracy of *+1.0 percent,
shall be used. (For other acceptable, means of
torque measurement see PTC 19.7for types

and related accuracies.)

4.4.1.1.2 For indirect determination of mefhan-
ical power output of dn engine-driven gé¢n-
eratof unit, a calibfated generator and ar-
ious electrical meters are required. (Sef
PTC 19.6 and ANSI C50.2 and C50.4)
Maximum inaccuracy: calibrated generafor,
+1.0 percént.

4.4.1.1.3 )For other indirect determinations of
mechanical power output of engines, unfler
oircumstances not permitting use of a dyna-
mometer or calibrated generator, such a
compressor drives or commercial genereﬁors,
other less accurate methods must be em-

ployed. (See Par. 7.4.4,1.1.3)
4.4.1.2 Fuel Quantity Measurements

4.4.1.2.1 For a liquid-fuel engine, appropriate
tanks with weighing scales, for determip-
ation of fuel weights (see PTC 19.5.1).

Maximum inaccuracy: +1.0 percent.

4.4.1.2.2 For a gaseous-fuel engine, a suit-
able flow (volume) measuring device:
4.4.1.2,2.1 Rotary positive displacement
volumetric meter (ASME “‘Fluid Metprs”’
Part II). Maximum inaccuracy: +2.0|percent.
4.4.1.2.2.2 Sharp-edge orifice, Ventdri, or
flow nozzle (ASME *“Fluid Meters’’ [Part

II). Maximum inaccuracy: £1.5 percent.

determination)
4.4.1.3.1 Liquid Fuel: LHV — Bomb Ca-
lorimeter (ASTM D-2382). Maximum

inaccuracy: *0,5 percent.

4.4.1.3.2 Gaseous fuel:

4.4.1.3.2.1 Constituent analysis for heating
value and specific gravity calculations by
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mass spectrometer (ASTM D-2650,D-1137).

Maximum inaccuracies:* 1.0 percent; or by

4.4.1.3.2.2 Gas chromatograph (ASTM D-
1945, D-1946, D-2163). Accuracy: + 1.0

percent; plus

4.4.1.3.2.3 Check HHV, saturated, by re-

aximum inaccuracies: * 1.0 percent.
See Par. 4.11.5.3 for explanation)

4.4.1.3.2.4 Water vapor content: (ASTM

D-1142).Sufficient maximum inaccuracies:
k5.0 percent.

4.#.1.3.2.5 See Par. 7.4.11.6 for specific
tonstants of heating values and specific
gravities for fuel constitutents and Par.
1.11.5 for additional comments.

4.4.1}4 Temperature measurements: For tech-
hiques, instrumentation, and maximum

naccuracies, see PTC 19.3.

4.4.115 Pressure-measurements: For tech-
piques, instrumentation, and maximum
naccuracies, see PTC 19.2.

4.4.1

6 Speed measurements: For techniques,
nstrumentation, and maximum inaccuracies;

see PTC 19.13.

7. Time measurement: For techniques,

4.4.1
nstrumentation, and maximum inaccuraci€s,

see PTC 19.12.

4.5 Measurements for Primary Object, General

4.5.1 The power output of any of the engine as-
sembliels, as defined in Pars. 1.3(2 and 1.3.3, may
be meagured either at the engine jcoupling with a
dynamopeter or at the electricoutput terminals of
a calibdated direct-connected generator.

4.6

Power-Output'Measurements, Direct

4.6.1 The net power output of an engine-assembly
(as specified.in Par. 1.3) is expressed in power
referred to‘the engine coupling and shall include

INTERNAL-COMBUSTION ENGINES

dynamometer shall be carefully balanced before

and after the test. (Further information con-
cerning dynamometers is given in PTC 19.7.)

4.6.3 For absorption dynamometers the torque-arm

force shall be measured along a tangent to the
torque-arm circle, at the point of application to
the weighing means, and acting normal to the line
: ies
in making torque measurements by absorption
dynamometers shall be within:

+ 0.2 percent — for effective length of, torque afm

+ 0.2 percent — for amount of torquetarm force

4.6.3.1 Links, struts, or levets-connecting
dynamometers to weighing medns shall be essen-
tially free of friction. Flow‘ef water or air used
for the dynamometer operation or cooling, and anjy
electrical or hose conneetions, shall be so ar-
ranged as to introddce'no appreciable tangential
force reactions on the external parts of the
dynamometer.

4.6.4 In case of a torsion-transmission dyna-
mometer, the scale of the torsional member shalllbe
calibrated before and after the test, to a maximum
inaccuracy of 0.5 percent. Readings for speed shdll be
taken simultaneously with the deflection readings.

4.7 Rotative Speed Measurements

4.7.1 Depending on conditions of the test, any gf
the revolution counters or speed indicators listeq
in Par. 4.4.1.6 may be employed for determining
the rotative speed of the engine.

4.7.2 In cases where the mean rotative speed

measurement directly influences the test results
the instrument shall be of the revolution counter
type. The maximum inaccuracies in counting rev4
olutions and in measuring time intervals shall be
such that the resultant rotative speed shall be

within +0.2 percent. An instrument of the speed-
indicating type may be used for initial setting of
the test speed and for checking constancy of speed
during test periods. (Further information concernjng

adjustmernts in output incidental to any power ab-
sorbing auxiliaries or accessories as prescribed

in Par. 1.3.

4.6.2 The power output of an engine, when meas-
ured directly, shall be determined by an absorp-
tion or a torsion-transmission dynamometer in con-
nection with rotative speed observations. In each
case, the dynamometer shall be directly connected
to or mounted on the shaft of the engine. The

13

measurement of speed is contained in PTC 19.13,

Measurement of Rotary Speed.)

4.8 Power-Output Measurements, Indirect

4.8.1 The net power output of an engine-driven
calibrated generator with engine assembly (as
specified in Par. 1.3) shall be obtained from elec-
trical measurements suitable for determining the
performance in kilowatts referred to the generator
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terminals and shall include adjustments in output
incidental to any power absorbing auxiliaries or
accessories as in Par. 1.3 and any deductions,
expressed in kilowatts, for power that is sepa-
rately supplied for generator excitation or venti-
lation, as prescribed in Par. 1.3. If generator cool-
ing fans are separately driven, energy to the
motors shall be deducted from the generator

fuel is supplied to the test and shail have a
maximum inaccuracy of *1.0 percent. Meters or
volumetric means for determining quantities
shall not be used, except by special agreement
between parties to the test. If meters are used,
temperature corrections must be applied.

4.10.2 Arrangement of weighing tanks and all
les—sheallh Lth

oufput.

4.4.2 Power-factor must be maintained at speci-
fied and calibrated values, or agreement reached
for adjustments to results. (See Par. 7.4.8.2)

4.4.3 Instruments for Electrical Output Tests.
For three-phase, three-wire a-c generators, power
output shall be measured by a polyphase watt-
mefer with two current coils and two potential
cofls, or by a two-element watthour meter or by
twp single-phase watthour meters. For three-
phase, four-wire a-c generators, power output shall
be[measured by a polyphase wattmeter with three
cufrent coils and two potential coils, or by a
three-element watthour meter or by three single-
phase watthour meters. Power output of single-
phitse a-c generators shall be measured by a
single-phase wattmeter or by a single-element
watthour meter. Power output of d-c generators
shhll be measured by the d-c voltmeter-ammeter
melthod.

4.8.3.1 Wattmeters are to be used oply under
copditions of constant power output.

4.8.3.2 Portable indicating ammeters and volt-
mefers shall be installed in thé measuring circuits
to [establish that generator dutputs and, if in-
vo|ved, power factors conform to the specified
copditions.

4.8.4 Meters usedsfor measuring electrical power
oufput shall becdlibrated and adjusted either in
an|approved_laboratory or in place by use of por-
taljle calibration instruments. After such calibra-
tions arfd-adjustments, the instrument accuracy
shpll egual that established by the instrument

PTC 19.6)
4.9 Power-Output Measurements, Other

Indirect
(See Pars. 7.4.4.1.1.3 and 7.4.9)

4,10 Fuel Consumption, Liquid Fuels

4.10.1 Liquid fuel consumption quantities shall
be determined by direct weighing means as the

conpeetions—attancs—shat-be—suel rthat-rothing
will influence weight observations exceptithe
tank and the contained fuel. After fuébweight
determination, there should be-ngyspilling ¢r
losses by leakage or by evaporation, as wHen us-
ing volatile fuels or heavy fdels which mugt be-
heated and which contain-lighter fractions.|Fuel
drippings shall be credited to engine fuel don-
sumption quantities, but'care shall be takep to
collect only for the-time of the fuel consunjption
quantity measurements.

4.10.3 For these measurements time shall|be de-
termined accurately. (For detailed informatfion,

see PTC"19.12)

44 0r¢ Sampling Liquid Fuel. Samples of the fuel
shall be taken so as to represent the fuel #n its
condition at the point of weighing. Sampling pro-
cedure outlined by PTC 3.1, Diesel and Byrner
Fuels, shall be followed.

4.10.4.1 Care must be exercised to ensfure
homogeneous fuel supply from storage thropghout
the test program. If this is not possible, fuel
samples must be taken and tested each timfe the
weigh tank is filled and correlated to fuel meas-
urements.

4.10.5 Liquid Fuel Characteristics. It is geces-
sary that the low heat value of the liquid fyel
used for the test be determined by means of a
standard form of bomb calorimeter (see ASTM

D-2382).

4.10.5.1 Heat values and other pertineqt char-
acteristics shall be determined by a physidal or
chemical laboratory of recognized standing.

g 0 eporeed aFd = 5—HhHte =
wise agreed upon between parties to the test,
shall be limited to those upon which the specified

performances are based. These may include:

4.10.6.1 Applicable to all liquid fuels: low-
heat value, Btu per Ib — ASTM D-2382; gravity
API1 — ASTM D-287; sulfur — ASTM D-90 or ASTM
D-129; water sediment — ASTM D-96; distillation

temperatures in °F at initial; 5 percent; 10 percent;
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and every 10 percent to 90 percent; 95 percent;
end point; and percent recovery; residue and loss

ASTM D-158 or ASTM D-86; and

4.10.6.2 Applicable to fuel oils (kerosene and
heavier): ignition quality; octane number — ASTM
D-613 or accepted equivalent method; carbon resi-

due — ASTM D-189; pour point — ASTM D-97; ash —

the 25 percent to 100 percent flow range where
the corrections are less than 1.0 percent.)

4.11.1.2 Gas consumption from flow measure-
ments by means of nozzles, concentric orifices,
or Venturi tubes can be determined to a maximum
inaccuracy of 1.5 percent when testing within the
proper Reynolds number. The technique and pre-

C

ASTM D-#82;and viscosily Saybolt Universal or
Furol — ASTM D-88; and

4.10.6|3 Applicable to gasoline and tractor
fuels: ignition quality; octane number — ASTM
D-357; or] aviation fuel knock value — ASTM D-614;
tetraethy| lead — ASTM D-526 or ASTM D-2509;
gum — AYTM D-381; and vapor pressure — ASTM
D-323.

4.11 Fuel Consumption, Gaseous Fuels

4.11.1 Mpasurements for gas consumption shall
be made by means of calibrated rotary positive
volumetric displacement meters, or sharp edge

concentriE orifice, long-radius nozzle, or Venturi
meters ag available and if rates of flow fall with-

in the rated limits of the available meters.

4.11.111 Use of the rotary (Roots type) posi-
tive displacement meter for measurement of gas
consumptfion is recommended for low pressure
lines (befow 125 psig or 861875 pascals gage)
ranging ffom 1500 to 150,00 cu ft or 42.48 to
4248 cu meters displacement per hr. High pres
sure typels are available for pressures upito
650 psi (pr 4481750 pascals). The percentage
correctiof to be added to the obser¢ed volume
shall be fletermined from calibrafion curve
provided [with each meter. (Usé these meters in

Publication “Fluid Meters,”’ Part II, shall be
carried out in detail. Use of standardized nozzles
or concentric orifice plates and their installation
procedures will eliminate the need for special
calibration at the time of the engine test.

4.11.2 Observations for Flow Méasurement. For
flow measurements the following precise obser-
vations are required (see summary below).

4.11.3 General Precdutions for Flow
Measurements. There-are several independent
factors that may introduce appreciable errors in
the indicated‘volume. These are:

(a) Ratio)of throat diameter to pipe diameter.

(b) Critical dimensions of metering elements.

(c)-Eondition of the meter flow surfaces.

(d) “Ratio of downstream to upstream pressure.

{e) Location of the taps for determining
pressure.

(f) Location and character of fittings in pipe-
line near the meter.

(g) On nozzle and Venturi meters, Reynolds
number must exceed 150,000 to avoid ex-
cessive deviations. '

(h) Steadiness of flow.

(i) Physical properties of the gas.

(j) Arrangement of manometers.

(k) Liquid entrained in gas stream.

SUMMARY OF OBSERVATIONS

Positive
Orifice Nozzle . Venturi Displacement

4.1 1.27D " Pressure upstream x x x x
4.IT. 7.7 Temperature upstream X < < X
4.11.2.3 Pressure drop x x x x
4.11.2.4 Actual internal diameter of x x x

pipe upstream and down-

stream
4.11.2.5 Complete dimensions of x x x

metering elements

15
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4.11.3.1 Procedures governing conditions of
installation, method of use, and application of
corrections relating to the above will be found in

the references in ASME ‘‘Fluid Meters,’’ Part II.

4.11.4 Sampling Gaseous Fuel. Samples of gas in
the fuel line near the engine shall be taken so as
to represent the gaseous fuel being burned. Sam-

Gaseous Fuels, PTC 3.3, shall be followed, in-
tluding the use of special bottles.

4.11.5 Gaseous Fuel Characteristics

4.11.5.1 Heating Value. The most accurate

nd recognized determination of the gas sample
ﬂeating value will result from a mass spectrom-
gter or gas chromatograph analysis. This an-
glysis gives individual gas constituents in per-
dentage volume on the unsaturated basis. When
gubmitting a fuel gas sample for analysis specify
dither of the following:

4.11.5.1.1 Heating Value, Mass Spec-
trometer.
(a) Individual constituents determina-

coupled with

(b) Continuous calorimeter (HHV) ~
ASTM D-1826

4.11.5.1.2 Heating Value, Gas. 'Chromato-
graph
(a) Individual constituént determina-
tion — ASTM D<1945, D-1946, and
D-2163, coupled with
(b} Continuou$ cdlorimeter (HHV) —
ASTM D-1826

4.11.5.1.3 «Thé reason for specifying the
use ofthe continuous monitoring
calorimeter for both methods is to be as-
sured that all gas components are meas-
ured. The HHV (saturated) recorded by the
monitoring calorimeter must agree within
0.5 percent of the cale

(saturated) from the composition analysis.

" 4.11.5.2 Specific Gravity. The determination
of the flowing gas must be measured by the lab-
oratory performing the gas composition tests (see

ASTM D-1070).

4.11.5.2.1 The measured specific gravity
must be compared to the calculated

tion — ASTM D-1137 and ASTM D-2650,

16

specific gravity, including the water
vapor content, as outlined in ASTM
D-1070. These values must agree within
0.5 percent.

4.11.5.3 Water Vapor Content. The water vapor
content of the fuel should be obtained in accord-
i ] T a 600
psi (4137000 Pa), or higher pressure linefis
used, the water vapor content will be\less than
0.1 percent and can be ignored.

4.11.6 Gaseous Fuels, Heating Value Cqlcula-
tions. Heat value of the gaseous fuel is to be
calculated from the mass spectrometer or|gas
chromatograph analysis outlined in Par.4{11.5.1.1
or 4.11.5.1.2 above:*The low heat value (LHV)
shall be the summation of the products oltained
by multiplying the heat values of the individual
constituent gases under standard conditigns by
the respective percent, by volume, of each
constituent (see Par. 7.4.11.6). The obje¢t is to
charge the engine with only the actual efergy
utilized. This is accomplished by correctling the
fuel gas flow for water vapor content and|using
the LHV, unsaturated, of the gas.

4.12 Pressure Measurements

4.12.1 If pressure measurements directly|in-
fluence the results of the test, the instrument
used shall have a maximum inaccuracy of|0.5
percent. In general this will require use df
calibrated Bourdon gages and/or deadweight
gages for the higher pressures, and mercury or
water manometers for the lower pressures| In
cases where the measurement does not difectly
influence the results of the test, a maximhm
inaccuracy of 5.0 percent is permissible.

4.12.2 Bourdon gages should be selected|so that
the pressure to be read will be between one-
quarter and three-quarters of the total stle(

Manometers should have connecting piping of not
to in-

sure against capillarity in the piping. For gas or
air pressures, it is preferable to arrange the con-
necting piping so that it will run continuously up-
ward from source of pressure to manometers, with-
out loops of any kind. Where liquid pressure is
being measured, connecting piping should run
continuously downward and the piping should be
completely filled with the liquid being monitored.
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4.12.2.1 See PTC 19.2 for further guidance

and correction for liquid legs, etc.

4.12.3 Barometer and Mercury Columns. The
atmospheric pressure to which mercury columns or
manometers are to be referred may be determined
by means of a suitable barometer. It is permissi-
ble to base atmospheric pressure conditions at

INTERNAL-COMBUSTION ENGINES

ferences where applicable. (See PTC 19.2 for ad-
ditional details.) :

4.13 Temperature Measurements

4.13.1 Where temperature measurements directly
influence the results of the test, the potential

combined temperature measurements shall be ac-
curate enough to assure no more than 0.5 percent

site of test on a reading taken at the time of test
from a lofal National Weather Service Station,
but recoghize that the readings they give are al-
ways corlected back to sea-level conditions.
Barometefs, other mercury columns, and manom-
eters shall be corrected for temperature, menis-
cus (capillarity), gravity, and elevation dif-

influence—onthe—caleulatedresults:

4.13.2 Select the type of temperature measuring
instrument to best suit the application which will
give the desired and necessary accuracie¢s. These
can include engraved-stem mercury thermometers,
calibrated thermocouples and thermistors used in
accordance with PTC 19.3

17
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SECTION 5, COMPUTATION OF RESULTS

5.1 Computations for Primary Object
Determinations: Power Output and Fuel
Consumption

5.1.1 In computation of results of tests for the
primary object, a point result for each test run is

that is separately supplied, as detailed in
Par. 4.8.1

5.3.2 In order that the foregoing shall give the net
power output, electrical, in kilowatts, of an
engine-driven calibrated generator, obtained in

omputed from the averaged or integrated values
f observations made during that run, after apply-
ing instrument and other corrections as necessary
nd as prescribed in this Code. The reported net
ower output and fuel consumption for each test
oad and speed shall be the time-weighted

verage of the several corrected values.

5.2 Net Power Output, Direct

5.2.1 1f the power output of an engine assembly
Par. 1.3) is measured with a dynamometer, the
brake power output is computed (PTC 19.7) by:

2 Fgn
(FPS)P_ = hp*
me “\ 33000 / T
2t F_n .
SD) Pnp =[ —— W™
60,000

*One **hp” is equal to 33000 ft-lb/min
*One “kW” is equal to 60000 N-m/min

5.2.2 1f separately driven accessoriesare in-
cluded in the engine assembly, or if under pro-
visions of Par. 1.3 power charges or credits must
be made, corrections (XY, ) for-the net power re-
quired by such additional @ceessories or auxil-
iaries shall be made.

Thus:

Pmn = ( Prg-5:3Y,) hp (FPS)or kW (SD

5.3 NétPower Output, Indirect

5.3.1 “Where power output is determined from elec-
prical’ measurements of an engine-driven calibrated

ical —output-at
2 P

accordance wi ar. 4. that
components of the actual engine-driven calibrated
generator under test shall consist only of|the
engine assembly and generator apparatus |as de-

fined in Par. 1.3 of this Code/'Corrections (2Y,)

shall be made to adjust for(power chargeq and

;T 1

credits introduced by separately driven agxil-

. 1.3.
This correction, evaluated in kilowatts, ghall be
made against the‘measured power output, |elec-
trical, beforé. other prescribed correctiond have
been applied’as above; then net power 011

jaries or accessories’as prescribed in P

put is:

P = (Peg +2Y, + 2£Y;) kW
5:3.3 If an alternating-current generator |s used,
the measured power output, electrical, Pgg, may
be calculated (PTC 19.6), upon agreement, by
¢ounting and timing the disc rotations ofL poly-
phase watthour meter, and shall be corredted as
indicated in the preceding paragraph for ¥, and

for Y;. Then net power output is:

_ 3600 xrg x PKy + XY, + XY, W
e 1000 x ry,

P

5.4 Net Power Output, Other Indirect

5.4.1 If, as in the case of integral enginp-com-
pressors, the power output cannot be megsured by
calibrated generator or by dynamometer (3n any of
the forms approved in Par. 4.6.2), there ghould be
mutual agreement as to how P, is to be
determined.

E] .
the generator terminals, expressed in kilowatts,

will be the resultant sum of the electrical power
output measurments plus cable or other losses
(2Y;), in kilowatts, between the generator ter-
minals and switchboard, if any, and less that
portion of any excitation power, in kilowatts, that
is separately supplied and less any power meas-
ured, in kilowatts, used for generator ventilation

5.5 Conversions Between Mechanical and
Electrical Power Qutputs

5.5.1 If it is desired to convert power output,
electrical, to power output, mechanical, at the
engine coupling, the net power output, electrical,
is divided by the generator efficiency,n . In order
to obtain FPS units it is also necessary to divide
nét output electrical by 0.746. (See Par. 7.5.5.1)
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Depending upon the type of generator involved its
losses will include some or all of the following:

determined from measured fuel consumption rates
{on a weight or volume basis), net power outputs

(a) Stator I2R loss and low heat value of the fuel used for test.

(b) Rotor I?R loss 56.2 On a P basis:

(¢) Shunt field loss s " mn DASIS:

Ed; ghu'nt fie.lddx:heolszt;tlloss 5.6.2.1 Where liquid fuel weight is measured

e) Series winding oss

(f) Exciter losses o can® N Bty 1

(g) Frigtion and windage g, = | W, x T x 22 ) Z—(FPS) or — (SB

(h) Brush friction loss To, Pra | hph kWh

El; (]?r hl contact loss *3600 sec/min.

({() Vori'lots's 1 5.6.2.2 Where gaseous fuel volume is
eftilating loss

() Strgy load loss

5.5.1.1|1In addition, cable losses must be cal-
culated ang included.

5.5.2 In agcordance with Par. 5.5.1, the net power
output, methanical, in brake power at the engine
coupling, ils computed from the net power output,
electrical {determined in Par. 5.3), and conversely
the net power output electrical, in kilowatts at the
generator terminals, is computed from the net
power output, mechanical (determined in Par. 5.2),
as follows

Net Power Output, Mechanical or Electrical

Pen
(FP$) P,, = hp
0.746 x 7

Pen
(SI) Pn, = < > kW
n
(FP$) P, = (Prp x 0.746 x ) kW
(SI) Pen = (Pmn X 1) kW

5.5.3 Total losses in the elettrit-generator as
referred tolin Par. 5.5.1 shallbe determined from
results ob

PTC 19.6

5.5.3.1
the total ]
power outffut,"electrical, shall be plotted and

ained by testsdmade in accordance with
on Electrical-Measurements.

On the bdsis of these data, a curve of
sses-in the electric-generator against:

measured:

(Vm (pm - pw)  Ts 3600% og>
qa = B X —X X —

7 P T o P,
Bu  ppgior . (SD)
hph

*3600 sec/min~

5.6.2.2" The value of p,» water vapor
pressure, will vary with T, and the per-
centage of saturation of the gas. For ex-
ample, if Tp, is 70°F or 21.1°C, then p,,
will be 0.7392 in. Hg or 2503 pascals
(as commonly expressed, or 0.491 x
0.7392 = 0.363 psi or 2503 pascals) for
saturated gas; 0.3696 in. Hg or 3.3878 mm
Hg (0.181 psi or 1251 pascals) for 50 per-
cent saturation; and zero in the case of
a dry gas. Tables showing p,, at various
T.’s can be consulted. However, by
mutual agreement p,, may be considered
zero, as noted in Par. 4,11.5.3

5.6.2.2.2 1f it is agreed that the measured
volume V,, is to be corrected for non-
ideal gas behavior (compressibility), it
should be divided by the compressibility
factor Z as noted in the formula.

56223 1fV, is obtainedincuftorms |

from this shall be read the values used to de-
termine the correction to be applied to the spe-
cific test load. When electrical power measure-
ments are made at the switchboard, cable losses
to the generator terminals are determined sep-
arately and applied as in Par. 5.3.1

5.6 Net Specific Energy Consumption Rates

5.6.1 Net specific energy consumption rates are

19

per hr as is customary when using an

. orifice, the factor %Q— is unity.
0

3

5.6.2.3 Where both weight and volume are
measured (as in a gas-diesel engine),

$ga = gof(computed per Par.5.6.2.1) +
g, (computed per Par. 5.6.2.2)
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5.6.3 On a P,, basis:

5.6.3.1 Where liquid fuel weight is measured:

3600 (@, \Btu
= == ) — (FPS
gb (Wz x 3 x Pe,,>kWh ( ) or
2 .

B fps)or = (SD)
kWh o kWh

*3600 sec/min.
5.6.3.2.1 Also se

€
L £ 999 P a9
[* P\ VY -T¥<r 133 uuw g [ TY-]

Pars. 5.6.2.2.1,
&= 9

*3600 sec/min.

5.6.3.2 Where gaseous fuel volume is

measured:
Vo (pm-pPw) Ts 3600 Q,
qb = _— X —_——— X —_— X X —
Z Ps Tm Tos Pen

5.6.3.3 Where both weight and volum
measured (as in a gas-diesel engine),

> 9% = g, (computed per Par. 5,

g, (computed per Par. 5.6.3.2).

£ are

5.3.1) +

20
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SECTION 6, REPORT OF TEST

6.1 General

6.1.1 The report of tests shall be prepared as a
document in suitable form for the purpose of for-
mally recording observed and computed data and
for the conveying of sufficient supporting infor-

6.3 Part Il Index

6.3.1 This part should be included in every report
and is particularly useful ir test reports covering
a number of different test objects which are re-
ported as separate subdivisions.

mation tg prove that all objects ol any tests con-
ducted inf accordance with this Code have been
attained.

6.1.2 The report of tests shall include essential-
ly the fdllowing parts, inthe order given:
I Title Page
II Index
I Conclusions
IV Test Methods
V DPescription Record
VI OQbserved and Computed Data
VII Test Performances — ‘Curve Sheets and
ummaries
VIII Record of Guarantees, Supplementary
A\greements, and Contingent Operating
Conditions
IX SJupporting Data Incident to Test
The use pf special forms is recommended to facil-
itate starjdardized presentation of test data. In any
event the] substance of these forms shall be in-
corporateld in the report of tests as further detailed
in the pafagraphs which follow.

6.2 Part | Title Page
6.2.1 This part shall show the following

informatign:

6.4 Part lll Conclusions

6.4.1 A part shall be included in which are for-
mulated conclusions concerning attainmient of the
objectives of the tests and any recommendations
or supplementary comments considered pertinent
thereto. A statement shall be_ included indicating
that all objectives have been détermined in ac-
cordance with the ASME, Test Code for Recip-

rocating Internal-Combustion Engines.
ting Internal-Combustion Eng

6.5 Part IV-Test Methods

6.5.1 Thispart, depending upon the purpose and
nature ofithe testing, shall include items selected
from the’following:

6.5.1.1 Explicit statement of:

6.5.1.1.1 Objectives of testing

6.5.1.1.2 Instruments and apparatus
employed and their calibration. .

6.5.1.1.3 Methods of test procedure and

6.5.1.1.4 Methods of calculations
6.5.1.1.5 Results of testing

ltem Np. 6.5.1.2 Certification conformity:
6.2.111 * Test Number, &3 . - - A 6.5.1.2,1 Statement by the Test Director
6.2.1.2 D.ate of teste\d% - v . .. ..1. . :f. cee certifying that all measurements and
6.2.1.3  Title of the'report (sub-titles i determinations have been obtained in
needed) s . Sttt AR strict accordance with the provisions of
6.2.1.4 Manufacnirer sbname and engine type this Code, with statement of exceptions
and'serial nember. . . . .. 0 o and their impot.
6.2.1.5 Focation of teste « v s v v 00 o e v o s P
6.2.1. Testmade for « « o o o e v v v e v v v s—s———Preratt
6.2.1.7  Owner or purchaser represented by. . em l.o-e;i for: s~of Tethods of measurements
6.2.1.8  Other parties to the test represented pioy :
by ----------------------- 6.5.1'3.1 Primary ObjeCtS
6.2.1.9  Test directedby ............. 6.5.1.3.1.1 Net power output, direct .
6.2.1.10  Test approved by ............. 6.5.1.3.1.2 Net power outputs, indirect .
6.3.1.11  Report made by ..o ccvvvevnn.. 6.5.1.3.1.3 Fuel Quantities . ........
6.2.1.12 Address of reporter. . . . v .o oot o 6.5.1.3.2 Additional objects (if any) .. ..
6.2.1.13 Date of report « « o v o v o v oo v s

6.5.1.3.2.1 Other appropriate details. .. .
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6.5.1.4 Additional information as follows:

6.5.1.4.1 Description of methods of meas-
urement if different from the pre-
scribed rules of Section4......

6.5.1.4.2 Statement of departures from the
rules of this Code, if any, that
have been agreed to by parties to

— the test;including any extensions

6.7 Part V| Observed and Computed Data

6.7.1 This part shall include a record of observa-
tions and conditions pertinent to measuring power
output and fuel consumption, and may include
other items which are not actually required for
calculating results. (Attention is directed to the
requirements of Pars. 3.5.2, 3.5.2.2 and 3.5.2.4.)

of permissible deviations from
operating conditions of the test
from those specified in this
Code . ...t ii it
6.5.1.4.3 Identification of calibration cer-
tificates and by whom made; des-
cription of calibration methods if
not carried out by a recognized or
national authority, and if methods
other than those prescribed in
Section 4 or in ASME “‘Supple-
ments on Instruments and Appara-
tus,”” have been employed .. ...
6.5.1.4.4 Supporting data including refer-
ences to tables, charts, or curves
employed in calculations of test
results .. .. ... ..., . ...,
6.5.1.4.5 Derivation of fuel characteristics
and heat values and designationef
laboratories utilized.

6.6 Part V Description Record

4.6.1 This part shall include a suitable des-
gription of the engine and its accessories and aux-
iliaries employed as part of the-engine assembly
Elsee Pars. 1.3.2 and 1.3.3)-including information

n make, type and serial-number, construction and

6.7.2

for each test run and/or series of runsiat
test point:

6.7.2.1 Test run numbe, (for each run)

6.7.2.2 Time and rotative speed

- 67.:2:2.6 Resultant total revolutior

Record ot observations and computd

6.7.2.2.1 Time, Start .. .......

tions
each

6.7.2.2.2 Timé Afinish. . ... .. . ..

6.7.2.2.3 Duration of run, ro, (Item
Itém 6.7.2.2.1) . . ... .|

6.7.2.2.4 ‘Revolution counter at stagt . .. ..

6.7.2.2:8 Revolution counter at fin

(Item 6.7.2.2.5 — Item 6.7]
6.7.2.2.7 Average or mean observe
n (Item 6.7.2.2.6 + Item ¢

sh ....
s

.2.2.4)

| speed,
.7.2.2.3)

6.7.2.3 Power output, direct (mechanical)

6.7.2.3.1 Net weight on brake or dy
eter . . . ... ..o

6.7.2.3.2 Brake or dynamometer co
[ Brake arm, R, + 5252 (|
or 7040 (SI) ]

6.7.2.3.3 Power output, mechanica
Pprg (per Par. 5.2.1). . ..

namoms-

hstant

PS)

6.7.2.3.4 Corrections for auxiliariels and

accessories, ¥y ... ...

. e () . . 6.7.2.3.5 Power output, mechanical, net
perating data, specifications and dimensions of P (per Par. 5.2.2)
importance, data onfuels, and other characteris- mn \PEF £ 8L« 0.L.4) vl v v e e
lics as detailed in'this Code. 6.7.2.3.6 Percent of rated power oltput,
mechanical (Item 6.7.2.3.8 or
6.6.1.]1 Fngine, type and design 6.7.2.3.4) x 100 + rated ppwer out-
features . ...... ... ... .. put, mechanical, gross of net . ..
(including specifications and .
dimensions of importance) 6.7.2.4 Power output, indirect (electrfcal)
S et ATrarios. s smem e e 6.2.2.41 Volts per phase ... ... ...
by engine « .. v v vernennn.. 6.7.2.4.2 Amperes per phase . .. .......
6.6.1.4 Auxiliaries and accessories not 6.7.2.4.3 Power factor .......... ..
driven by engine. . ... ....... 6.7.2.474 Watthour meter Cf)nstant, PK,. . ..
(include description and horse- 6.7.2.4.5 Watthour meter disc turns, rg . . . .
power of driving equipment) 6.7.2.4.6 DNuration of run, watthour meter,
6.6,1.5 Generator efficiency,n ....... A e
6.6.1.6 Liquid fuel employed ........ 6.7.2.4.7 }}:ower output, electrical, gross,
et e e

6.6.1.7 Gaseous fuel employed ... ....

22
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6.7.2.4.8

6.7.2.4.9

6.7.2.4.10

6.7.2.4.11

Corrections for auxiliaries and
accessories, ¥, . ... ... ... ..
Corrections for cable losses, etc,

Power output, electrical, net,
P.,.(per Par. 5.3.3)
Percent of rated power output,
electrical, (Item 6.7.2.4.7 or

6.7.2.8.10

6.7.2.8.11

6.7.2.8.12
6.7.2.8.13

6.7.2.8.14

INTERNAL-COMBUSTION ENGINES

Engine jacket coolant, inlet at
heat exchanger. ............
Engine jacket coolant, outlet at
heat exchanger.............
Exhaust back pressure. .. ... ..
Combustion pressures, maximum
for designated cylinders. . ... ..

Compression pressures, engine hot,

6.7.2.4.10) x 10O + rated power
output, electrical, gross or net. . .

6.7.2.5 Uiquid fuel consumption

6.7.2.5.
6.7.2.5.2
6.7.2.5.
6.7.2.5.4

6.7.2.5.%

Weight, start
Weight, finish. . ... ... ..o ..
Weight used, ¥, (Item 6.7.2.5.1 —
Item 6.7.2.5.2)
Nuration of run, fuel weighing,

Fo, o oo o on s oneenessanss .

..............

.............

Liquid fuel energy consumption
rate, q, (per Par. 5.6.2.1) or
gy (Per Par. 5.6.3.1)

.........

6.7.2.6 (aseous fuel consumption

6.7.2.6.
6.7.2.6.
6.7.2.6.

L” N

6.7.2.6.1

6.7.2.6.p

Meter reading, start. .. ...... .
Meter reading, finish ........
Gas volume used, as measured,
Vi (Item 6.7.2.6.2 —

Item 6.7.2.6.1)

Duration of run, fuel measurement,

Gaseous fuel energy consumptién
rate, g, (per Par. 5.6.2.2) ot g,
(per Par. 5.6.3.2)

6.7.2.7 (Gas-diesel fuel consumption

tor designated cylinders. . ... ..

6.7.2.9 Temperatures

6.7.2.9.1
6.7.2.9.2
6.7.2.9.3
6.7.2.9.4

6.7.2.9.5
6.7.2.9.6

6.7.2.9.7

6.7.2.9:8

6.7.2.9.9

6.7.2.9.10

6.7.2.9.11
6.7.2.9.12
6.7.2.9.13
6.7.2.9.14
6.7.2.9.15

Atmosphere, dry-bulb. N0
Atmosphere, wet-bulb. 3 . ... ...
Intake air, manifold ‘on engine . . .
Gaseous fuel at meter on engine,

Exhaust _at-designated points
Engine jdcket coolant, inlet at
engine) . . . ..o

Engine jacket coolant, outlet at
engine

..................

Engine jacket coolant, temperature
rise through engine (Item 6.7.2.9.74

Item 6.7.2.9.6)
Engine jacket coolant, inlet at
heat exchanger. .. ..........
Engine jacket coolant, outlet at
heat exchanger . . . ... .......
Lubricating oil, inlet at engine. .
Lubricating oil, outlet at engine. .
Lubricating oil, sump ... ... ..
Lubricating oil, inlet at cooler . .
Lubricating oil, outlet at cooler. .

-------------

6.7.2.10 Characteristics of fuel, or fuels, used

6.7.2.7[l Gas-diesel energy consumption for Tests
rate, g, (per Rar.)5.6.2.3) or g
(per Par.563.3) ........... 6.7.2.10.1 Liquid Fuel
(a) High-heatvalue. ...............
6.7.2.8 Pressures (b) Low-heat value,Qy..............
(c) Cetanenumber . ...............
6.7.2.8J1 Barometric .......¢c0 0., (d) Gravity « o ovvoveee e
6.7.2.8)2 ‘Gaseous fuel at meter inlet, P (e) Other data as required . ... .......
6.7.2.8 Partial water pressure in gaseous
fuel,pyy - v v v 6.7.2.10.2 Gaseous Fuel
6.7.2.8.4 Intake air manifold on engine. . . . (a) High-heat value, (Saturated). .. ... ..
6.7.2.8.5 Injection gas before fuel nozzles (b) Low-heat value, Q, (Unsaturated) . . . .
6.7.2.8.6 Lubricating oil, inlet at engine . (c) Composition, constituent gases .. ...
6.7.2.8.7 Lubricating oil, inlet at cooler . . (d) Specified gas pressure, ps. . .......
6.7.2.8.8 Lubricating oil, outlet at cooler. . (e) Specified gas temperature, Ty .. ....
6.7.2.8.9 Engine jacket coolant, inlet at (f) Compressibility factor, Z . ... ... ..

engine

..................

23
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Other data as required
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6.8 Part VIl Test Performance — Curve Sheets
and Summaries
In this part, final results of tests shall be re-

ported in the form of graphs and tabular summaries.

6.8.1 Primary Object Performance

6.8.1.1 Operation at constant speed and var-

jable torque

6.9 Part Vill Record of Guarantees, Supple-
mentary Agreements, and Contingent

Operating Conditions

6.9.1 In this part of the report a statement shall
be included of all agreements made in conformity
with requirements of this Code. There must also
be included a record of any other agreements, such

6.8.1.1.1 Curves reporting the determined
values at recorded speed of net specific
energy-consumption rates, plotted against
net power outputs, -hp or kW

6.8.1.1.2 Tabular summary of net specific
energy consumption rates determined from
these curves, to correspond with specified
or guaranteed power outputs.

6.8.1.2 Operation at variable speed and torque

6.8.1.2.1 Curves (or a family of curves) re-
porting point results of the individual tests
for net power output, hp or kW, and the net
specific energy-consumption rates, plotted
against speed, rpm

6.8.1.2.2 Tabular summary of net power
outputs and consumption rates determined
from these curves, to correspond with. spec-
ified or rated speeds.

as—those—coveringpredicted;—guaranteedsjor spec-

ified performances, operating conditioh$)upon
which the performances are based, @nd others per

Pars. 3.2.1 and 3.2.2

6.10 Part IX Supporting Data Incident to Test

6.10.1 In this part shall be included perfinent
material supplementing‘data presented elsewhere
in the test report, whi€h would be of ass{stance in
making an indegendent verification of thg reported
results.

6.10.2,-The supplementary material, depelnding
upon_the nature of the test covered by thg report,
may.include:

(a) Detailed log sheets

(b) Various curves

(c) Sample calculations

(d) Blueprints, photographs, and bulky material.
(e) All other items called for in Par. 3.5,

especially including Pars. 3.5.2.2} 3.5.2.4
and 3.5.3

24
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SECTION 7, APPENDIX

7.0 General

7.0.1 The preceding Sections contain the details
essential to the planning, execution and analysis
. of a Code test of a reciprocating internal-com-
bustion engine. This Appendix provides addi-

L | i
STUTTCU

7.1.2.3.i Such tests might be concerned
with:

Combustion pressures

Cooling performance

Lubrication performance

Critical speeds

(a)
(b)
(c)
(d)

tional infe
complemeptary to the basic guidance provided
hereinbefgre.

7.0.2 For ease in cross-reference, paragraphs in
Section 7|are numbered the same as the paragraphs
in preceding Sections to which they are most
closely r¢lated, preceded by the number 7. For
example, [*7.1.1"" refers to Par. 1.1 Sub-para-
graphs wilthin Section 7 not referring to a partic-
ular sub-paragraph in the main body are designa-
ted by a letter suffix: for example * *7.1.1.i"’

7.1.1 This Code is applicable-to all types of re-
ciprocatinf internal-combustion engines, for any
purpose, Where power output and fuel consumption
rates are {he primary objects of the tests. Thus,
it is intenfded equally for small and large, station-
bile, or peaking and base-load engines.
it is intended (and so written) for ap-
o tests to verify performance.

ary and m
Generally
plication

7.1.1.i| However, it is not designed for proto-
type or repearch and development testing, which
frequently
tation and
herein.

7.1.1.i
types of dngines (e.g., automotive, aircraft, etc),
particular]y those mass produced for incorporation
in other products, such as tricks, for which there

employs specialized objects, instrumei-
techniques not appropriate for inclusion

It is also realized that for\particular

customarily is not a specification by the ultimate
user for the engine itself; there are other recog-
nized codps or standards in common, effective
use. Whil¢ this Céde'is equally applicable, it be-

hooves pdrties o the tests to be entirely clear as
to the stapdards being used in specifying, and

later testing) such engines

(e)
)
(g)

Governing

Cyclic irregularity

Exhaust gas analysis, back pressure,
etc.

Engine reversal

Starting requirements

(h)
(1)

7.1.2.3.ii Various codes and standards
exist for some of these tests, such as
PTC 26 on Speed Governing, and should
be used. Since the state of the art is
changing rapidly in respect to some, the
techniques and instrumentation must be
developed specifically therefor and be
subject to special agreement by the
parties involved.

7.1.3:3 Preferably, the engine assembly to be
tested shall be the engine and that assemblage of
auxiliaries and systems to be charged or credited
to the measured power output of the engine in de-
termining the net power output and the energy in-
put thereto as is stipulated in the pertinent spec-
ifications, and is termed the ‘“Specified Engine
Assembly.”” (All such auxiliaries and systems
shall be itemized on the test records.) Engine
practice varies widely with regard to attached and
independently driven auxiliaries. Some engines,
particularly the larger ones, have no attached aux-

~ iliaries; consequently, the user, in comparing

different engines, should carefully evaluate all
ratings, performance parameters, and fuel con-
sumption rates when the attached auxiliary
equipment varies, since such variation affects
the amount of auxiliary power which must be
provided, as well as the overall rate of fuel

7.1.2.3 In addition to testing for power output
and fuel consumption there are potentially
numerous optional tests desirable for determining
other performance capabilities. These are not the
province of this Code; such tests are too numer-
ous, too seldom needed, and frequently too un-
proven to justify inclusion in this Code.

25

COIIS umplion.

7.1.3.3.i It was in recognition of this con-
siderable variance between customary
practices (especially between ‘‘large”
and ‘‘small”’ engines) that two standard
Engine Assemblies were devised. In the
absence of specifications stipulating the
auxiliaries to be included in the test, a
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Code Engine Assembly will be the rec-
ognized basis for comparison between
engines.

7.1.3.3.ii The rating of an engine shall be
the power that the engine will deliver

continuously at its coupling when in good

operating order, and under conditions as

pressure drop through intake air system,
should not exceed limits specified.

7.1.3.3.iii Because of the different ways in
which engines may be equipped with re-
spect to their attached or independently
driven essential apparatus, it is nec-
essary to consider the parasitic load of
such power consuming apparatus in de-
termining net power for comparative pur-
poses. The parasitic load of the power
consuming equipment, only, is to be in-
cluded as a basis for establishing net
power and fuel consumption unless other
conditions are invoked by the spec-
ifications.

7.3.2.1.(d) With few exceptions, the engine
nanufacturers’ shops are the only facilities that
re adequately equipped with calibrated test
quipment; therefore, it is recommended, unless
therwise specified or agreed, the performance
ests be conducted at the works of the engine

hanufacturer.
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7.3.4.3 Fuel (or energy) consumption rates are
to be expressed in terms of Btu)per hp-hr (FPS) or
Joules per kWh (SI). In so doing it is unnecessary
tp refer to any standard fuél weight or volume
basis (liquid or gaseons’/fuels, respectively) for
the fuels, hence no'standards are specified herein.

owever, it is figcessary to correlate the measured
ghantities with the basis used by the laboratory in
etablishing the energy content of the fuel.

7.3.4.3.i Gas volume measurements referred

to standard conditions adopted by ASTM

actual water-vapor content in gas con-
sumed.

7.3.4.3.iii The heating value of fuels con-

taining hydrogen includes some energy
not available for conversion into work in
any internal-combustion engine. Hence,
under this Code, fuel and heat consump-
Lo atl-es—sha be—dete '}basis
of low heat values of the fuels{tHereby
eliminating the heat of -vaperization of
the water formed by the burning of the
hydrogen in the fuel. The differefjce be-
tween the high and/fow heat values of
commercially available petroleum|fuels
used in liquid-fuel engines is a fairly
constant petcertage. For gaseous| fuels
the perceéntage difference between the
high and-low heat values may range from
zero-to more than 15 percent.

73.4.3.iv Various terms included in[this

Code relative to gaseous fuels anfl heat
values are amplified as follows:
(a) High (Gross) Heat Value. Thq total
energy released from a unit of fuel
as the products of combustiod are
brought to the same state of fressure
and temperature as the fuel-ajr
mixture.
(b) Low (Net)Heat Value. The high heat
value of a fuel less the lateny heat
of vaporization of the water vppor
present in the exhaust gas atlits
exit partial pressure (ie, the HHV
less the unusable products of| burn-
ing the contained hydrogen).

(¢} Dry Gas. A mixture of hydrocarbon
gases with relatively low per¢entages
of propane and heavier hydrodarbons
components,

(d) Wet Gas. A mixture of hydroc hrbon
gases with relatively high pegcent-

ages of propane and heavier ¢om-

Te rccogniu:d
under terms of this Code, provided the
basic conditions for referring measure-
ments are stated in the test report.

7.3.4.3.ii In cases where gases being
measured are partially or completely
saturated, corrections shall be applied to
gas-volume measurements to adjust for
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ponents.

{e) Saturated Gas. A hydrocarbon mixture
saturated with water vapor.

(f) Unsaturated Gas. A hydrocarbon mi x-
ture with negligible water vapor
present.

(g) Compressibility (Z). That charac-

teristic of a gas which measures its


https://asmenormdoc.com/api2/?name=ASME PTC 17 1973.pdf

